Laboratory animal science (LAS) advances scientifi c understanding of the care and use of animals that play a key role in research supporting the development of biomedicine. LAS has developed quickly in China in recent decades, and this report provides an analysis of the current status of the country's LAS policies and administration. National and provincial laws, regulations, guidelines, and standards apply to quality control and licensing, quarantine and infectious disease control, breeding and husbandry, transgenic animals, staff qualifi cations, animal welfare, and imports, exports, and transportation. Regulation and oversight of lab animal use are the responsibility of the national Ministry of Science and Technology, provincial departments of science and technology, and institutional animal care and use committees. We begin with an explanation of the rationale behind this paper and a brief history of policy-related activities and achievements. We then present various policies, discuss their implementation, and hypothesize about future policy developments. With the improvement of policies under an integrated, multitiered administration, the use of high-quality lab animals in Chinese scientifi c research is increasing and many more papers describing animal experiments performed in China are being published in international journals.
Introduction
A s China's economy has rapidly developed, laboratory animal science (LAS 1 ) has improved at a corresponding rate, with advances in biomedicine and biology as both the Chinese government and the scientifi c community have realized the importance of lab animals and have increased fi nancial and regulatory support. China has become one of the biggest countries using lab animals, as is evident in the higher numbers and quality of lab animals (e.g., specifi c pathogen free, or SPF 1 ; genetically modifi ed) increasingly used in scientifi c research-16 million a year, compared to 12 million in the 25 European Union countries in 2005 (FELASA 2007 )-and the increased publication of animal experiment results in international journals. In addition, more qualifi ed personnel with advanced degrees are working in LAS and rising to leadership or senior positions in institutions. Researchers in China have also begun producing transgenic and inbred miniature pigs, chickens, dogs, and monkeys for scientifi c use.
These advances have benefi ted from the introduction of advanced LAS knowledge and skills from the United States and Europe, where companies and universities have adopted standards or guidelines to ensure the quality of their research and products. In addition, western clients such as major pharmaceutical companies and large universities increasingly consider China a "new provider" of animal-based science and technology (Cyranoski 2004) , presenting the country with signifi cant economic and technological opportunities in bioscience research. Many scientists abroad are therefore keen to learn more about the status of LAS in China. In this paper we provide information about Chinese policies and administration concerning quality control and licensing, quarantine and infectious disease control, breeding and husbandry, transgenic animals, staff qualifi cations, animal welfare, and imports, exports, and transportation.
Brief History
The fi rst known appearance of laboratory animals in China was in 1918, when Dr. Changqing Qi bred mice for experiments. Thereafter many animal strains were brought to China from India, Japan, the United Kingdom (UK), and the United States. When the Communist Party assumed power in 1949, LAS experienced a short period of rapid development and Chinese scientists cultivated many inbred mouse strains such as C-1, TA-1, 615, and TA-2 (Staats 1985) . LAS experienced another resurgence in the 1980s, with the recovery of the Chinese economy and political stability. The fi rst national LAS conference took place in 1982, the Ministry of Health (MOH 1 ) issued the fi rst LAS regulations in 1983, and in 1988 the Ministry of Science and Technology (MOST 1 ) established its primary administrative responsibility for LAS in China with the Statute on the Administration of Laboratory Animals used in research, education, and testing.
Most provinces, municipalities, and autonomous regions began to issue similar statutes to strengthen oversight. Thus institutions that use animals in research, teaching, or testing are subject to both ministerial and provincial laws or regulations (Table 1) , although those issued by MOST take precedence. Scientifi c organizations such as the Chinese Association for Laboratory Animal Sciences (CALAS 1 ) also play a key role in administration and policymaking.
Framework of the Chinese Lab Animal Administration System
The 1982 national LAS meeting launched the lab animal administration system in China under the direction of MOST, which is in charge of all relevant activities including breeding, use, testing, experimentation, and lab animal-related products. In addition, a provincial department of science and technology (PDST 1 ) oversees lab animal administration in each province through an administration offi ce of laboratory animals (AOLA 1 ) ( Table 2 ). At present, more than 23 provinces, municipalities, and autonomous regions have passed laws or regulations or distributed administration documents, and 29 of 31 provinces have set up AOLAs to implement policies, manage licenses, and oversee related matters. Furthermore, institutional animal care and use committees (IACUCs 1 ) play a major role in evaluating lab animal-related programs, and CALAS and the lab animal quality control systems of national and provincial monitoring centers promote industry self-discipline and lab animal quality control (Figure 1 ). Other ministries that use lab animals (e.g., the Ministries of Agriculture, Education, and Health) also take responsibility for the care and use of animals in their laboratories (Table 3) .
Thus oversight of the care and use of lab animals in China combines a centralized system (such as that of the UK Home Offi ce) with regional and institutional levels of control (such as US IACUCs).
General Oversight
The Statute on the Administration of Laboratory Animals (Order No. 2; MOST 1988) , approved by China's State Council, is the highest policy and regulates every aspect of lab animal procedures for experimental and other scientifi c purposes. MOST, the PDSTs, and IACUCs encourage compliance and best practices by honoring institutions and individuals who do excellent work in animal handling or husbandry. Those who fail to comply are subject to disciplinary actions such as a warning, an improvement notice, disqualifi cation from handling lab animals, or dismissal.
In the following sections we review regulations for specifi c areas of lab animal use in China.
Lab Animal Standards and Quality Control
All animal experiments must use qualifi ed and certifi ed lab animals. The use of uncertifi ed or unlicensed animals is illegal. The use of licensed lab animals requires the following data: name of species, stock, strain, and substrain; genetic background or source; microbiological control; license; and signature of a responsible director.
In In addition, other entities, such as the ministries of medicine and agriculture, have set lab animal quality standards. And some of the more developed provinces and cities (e.g., Beijing, Shanghai, Guangdong, and Jiangsu) impose their own standards, as do some larger companies or enterprises for their products (Table 2) .
Lab Animal Quality Control Network
The Laboratory Animal Development Program for the Ninth Five-Year Plan established a national lab animal quality control network, which is subject to the Regulation on the Management of Laboratory Animal Quality Control (MOST 1997) and determines requirements for lab animal quality monitoring centers overseen by MOST and the PDSTs. The task of these centers is to explore research on testing techniques, train technicians, carry out site inspections and annual review of provincial lab animal monitoring centers, and arbitrate disputed monitoring results.
MOST subsequently issued the Guideline and Detailed Criteria for the Review of Provincial Laboratory Animal Monitoring Centers (MOST 1998a) Animal welfare in husbandry, experimentation, transport, requirements, and methods Figure 1 Framework of the Chinese lab animal administration system. The dotted arrows indicate that CALAS is independent from MOST; it has no power to administer the provincial associations and institutions but plays a role in the self-regulation of lab animal science (e.g., through supervision, continuing education, training, accreditation, awards, and scientifi c expertise). CALAS, Chinese Association for Laboratory Animal Sciences; MOST, Ministry of Science and Technology; PDST, provincial department of science and technology management, qualifi ed personnel, facilities and equipment, and record keeping, and (2) specify standards for accreditation.
MOST
The quality monitoring network comprises six national centers covering microbiology, parasitology, genetics, pathology, feedstuff, environment, and facilities, as well as 26 provincial centers in 23 provinces.
Licensing System
The establishment of a national unifi ed licensing system for lab animal breeders and users was a further aim of the Laboratory Animal Development Program for the Ninth Five-Year Plan, and MOST (1997) sets out the requirements and procedures for obtaining licenses. All institutions must be accredited and obtain a breeder or user license before handling lab animals or producing lab animals and related products. The subsequent (temporary) Regulation on the Management of Laboratory Animal Licenses (MOST 2001) details requirements and procedures for license application, review, and approval and for facility inspection and supervision. In 2006 there were 320 breeder licenses, 1,248 user licenses, and 43,042 personal licenses in 30 provinces.
Licenses are registered by MOST and administered by the PDSTs, which review license holders annually through site visits and reports (Figure 2 ). Animal procedures conducted without a license are illegal and license holders are subject to punitive measures if they have unqualifi ed lab animals, feedstuff, or facilities, or unlicensed staff.
Quarantine and Infectious Disease Control
All lab animals are subject to isolation and quarantine for infectious disease control before their entry into buildings or labs. Those that require vaccination must be treated according to methods prescribed by the Ministry of Agriculture (MOA 1 )'s Statute of Epidemic Prevention for Fowl and Domestic Animals (MOA 1994), except for lab animals used in bioproduct experiments. Lab animals that have died as a result of disease must be inspected to ascertain the cause of death and the cadaver appropriately disposed of and documented.
Immediate action must be taken to eliminate infectious pathogens and prevent the spread of disease. Small animals such as mice and rats are commonly euthanized if they have an infectious disease; larger animals with infectious disease are isolated for either treatment or euthanasia depending on the recommendation of a veterinarian. Large animals suspected of carrying infectious disease must be vaccinated immediately, monitored, and documented. Institutions with laboratories that breed or handle animals must monitor the quality of those animals and meet the requirements of the national standards itemized above (in genetics, microbiology, parasitology, nutrition, and environment). The breeding room and laboratory must be in different areas with strict isolation and must have documented management systems and standard operating procedures (SOPs). In addition, statutes set forth requirements for lab animal classifi cation, feedstuff, drinking water, and bedding, and MOST and MOA regulate transgenic animals.
Lab Animal Classifi cation
Lab animals used as founders or for breeding must be publicly recognized strains with valid certifi cation and bred separately according to their source, strain, and intended use. There are four grades of lab animals: (1) conventional, (2) clean, (3) SPF, and (4) germ-free. Mice and rats for breeding and use must conform to grades (2), (3), and (4); guinea pigs, hamsters, and rabbits can be maintained in any of the grades; dogs and monkeys are subject to the conventional and SPF grades. Each grade of animals must fulfi ll the requirements of the national standards.
Feedstuff
According to the statute, "Lab animals must be fed with certifi ed formula feeds. It is forbidden to feed animals any mildewed, bad, or polluted feedstuff. Vegetables or fruit for animal feed must be adequate and fresh." Many companies that produce feedstuff for large lab animal institutions are required to obtain a lab animal product supplier license. National standards for lab animal nutrition also cover the composition and quality of feed for different strains and uses (e.g., growth and reproduction, maintenance, and special dietary needs).
Drinking Water
Conventional animals must have drinking water of the same hygiene standards as that for human use. Higher-grade animals should be supplied with sterilized drinking water. SPF animals bred in barrier facilities get fi ltered and purifi ed water from drinking water machines. 
Bedding
The statute stipulates that "bedding materials shall be treated according to the requirements of different grades of lab animals and must be clean, dry, nontoxic, and free of insects, infectious agents, and pollutants." The national standards for lab environments state that "all types of bedding materials shall be sterilized with high pressure or radiation."
Transgenic Animals
Genetically modifi ed organisms are increasing in number with the development of gene modifi cation techniques. To date, more than 10,000 mouse genes (approximately half of the genes in the mammalian genome) have been "knocked out." In China, more than ten institutions have labs to develop transgenic or knockout mice. In light of these advances, the aim of the Regulation on the Administration of Genetic Engineering Safety (MOST 1993) is to prevent genetic contamination of humans, the environment, and the ecosystem. The regulation defi nes biosafety levels and evaluation, application, safety control methods, and penalties.
The Statute on the Administration of Transgenic Organism Biosafety in the Agriculture System (MOA 2001) calls for the establishment of a cross-ministry collaborative network to address problems related to the biosafety of transgenic organisms. MOA has also issued related regulations covering safety evaluation, export and import supervision, labeling systems, product review, and advertising. This statute is complemented by the Regulation on Sanitation Oversight of Transgenic Food (MOH 2001) Noncompliance with policies on lab animals is one of six dishonorable behaviors, subject to disciplinary action (Table 4) . The guidelines require each institution to establish an IACUC to oversee and evaluate all aspects of its animal care and use programs. In addition, they describe fi ve aspects of animal welfare: general requirements, husbandry, experimentation, transport, and methods. Effective measures should be taken to (1) protect lab animals from injury, hunger or thirst, discomfort, fear, prolonged suffering, disease, and pain, and (2) ensure that they receive good husbandry and veterinary care in a clean, comfortable environment, have access to feedstuff and water of suffi cient quantity and quality to maintain health, and perform natural behaviors. The facility and environment must provide for the animals' behavioral and physiological needs (for example, large animals must have enough space for activity and environmental enrichment devices or toys). Pain and distress are a particular focus of the guidelines, which call for adherence to the 3Rs-reduction, refi nement, and replacement 3 -during every stage of the animal experiment. After an experiment, animals should be euthanized according to humane endpoint principles, the fi rst appearance of such criteria in China's policies.
Import, Export, and Transportation of Lab Animals
Lab animals brought from overseas as animal seed for breeding must have complete background data and be registered in the national lab animal seed centers administered by MOST.
After approval, importation can continue through the regular procedure.
The quarantine of imported and exported lab animals is covered by the Law of the People's Republic of China on the Quarantine of Animals and Plants in Imports and Exports (Chinese People's Congress 1991). This law aims to prevent the spread (within or outside China) of infectious or parasitic diseases of animals, insect pests, weeds, diseases dangerous to plants, and other harmful organisms. In addition to these policies, MOST is drafting a regulation that applies specifi cally to the import and export of lab animals.
During transport animals must be placed in safe, clean, standardized cages with adequate ventilation. Animals of different species, strains, or grades must not be transported in the same cage. To reduce stress, effective measures should be taken to make the animals comfortable, especially in adverse weather conditions, and, if confi nement is to be prolonged, veterinary care, food, and water must be provided. Institutions or persons who abuse lab animals will have their licenses revoked and be prohibited from handling animals.
Qualifi ed Staff
Lab animal institutions must have a qualifi ed manager, veterinarian, scientifi c staff, and specialized technicians, all of whom must adhere to lab animal policies, SOPs, and institutional husbandry documents for the breeding and use of lab animals. They must also get regular medical checkups, receive training and obtain a personal license before handling animals, and take care of the animals in a humane manner. Behaviors such as abuse or teasing of lab animals are prohibited and subject to punitive measures (MOST 2006b). Institutions must have plans for training staff according to their job requirements to ensure that they have the most up-to-date knowledge to perform their technical work.
Implementation and Future Development
MOST and other ministries have issued more than ten regulations concerning activities related to the handling of lab animals. In this section we discuss the implementation of these regulations and possible trends toward future policies.
Regulations
MOST is considering further regulations on the transport of lab animals, genetically modifi ed animals, and infectious disease animal models. New detailed regulations will address every aspect of the quality of lab animals and related products, and AOLAs in each PDST will strengthen the administration of these regulations with additional professional offi cers and standardized enforcement. CALAS, with its large number of members and specialists, also has a role in the drafting and enforcement of regulations, industry self-discipline, and continuing education and training.
National Standards
China's 93 national standards serve to ensure lab animal quality by setting mandatory criteria for lab animal breeder and user licenses, and additional national standards will be drawn up for larger laboratory animals (e.g., dogs, miniature pigs, monkeys, cows, and sheep) as their use increases. In addition, more detailed national standards for lab animals and related products are in development to promote consistency. National standards for humane treatment and handling techniques will also be established in the future, drawing on the advanced guidelines of SAC/TC281. This technical committee also played a key role in the drafting, explanation, and revision of lab animal standards, both national and industry-based.
Governance
China's PDSTs oversee the quality and care of lab animals through their AOLAs, which implement Chinese policies through supervision, licensing, review of annual reports, site visits, and funding. Different levels of economic development in each province are associated with varying degrees of effectiveness. Three provinces (Beijing, Hubei, and Yunnan) have strengthened their lab animal administration statutes; AOLAs in other provinces are affi liated with provincial lab animal institutions or associations with less power to implement administration policies. Guangdong, Jiangsu, and Heilongjiang are preparing to legislate their provincial statutes as law in the near future, thus improving oversight of LAS in these provinces.
Qualifi ed Staff
Qualifi ed personnel are key to the implementation of lab animal regulations, and the education levels of lab animal staff in China are increasing with improvements in college curriculum. More universities and colleges offer LAS programs, and more graduate students are entering the LAS industry for better jobs. In addition, all LAS staff are required to take a training course and pass an exam before they receive a license to handle animals, to ensure that they have mastered the basic knowledge to comply with regulations and standards. CALAS will also strengthen its levels of technical training and will provide accreditation, both of which will greatly improve the quality of lab animal technicians.
More than 100,000 staff work with lab animals in China-85% in experiments and 15% in lab animal centers. Their educational backgrounds are in biomedicine or medical science (84%), veterinary science (7%), biology (3%), lab animal science (1%), and other specialized areas (e.g., zoology, environment, computer science; 5%).
Facility and Equipment
With the rapid development of the Chinese economy, facilities and equipment have improved greatly in the past 10 years. The proportion of barrier environments is now 70% in highly developed provinces such as Beijing, Shanghai, Guangdong, and Jiangsu. Although in most provinces conventional environments are still the norm, isolation environments are increasing with the use of individually ventilated cages and exhaust-ventilated cage rack systems. Moreover, new companies, including some foreign enterprises, are producing lab animal facilities and bringing with them higher-quality equipment. Thus the quality of facilities and equipment is greatly improving thanks to increasing investment both domestic and foreign.
Public Health Service Policy
China does not yet have a policy to ensure animal welfare (comparable, for example, to the US Public Health Service [PHS] Policy), but many ministries and provinces as well as the State Food and Drug Administration have begun incorporating lab animal quality in their funding or new product development. In the wake of MOST (2006a), we anticipate that there will soon be a policy or regulation like the USPHS policy that will (1) take into account animal welfare in the review and approval of research protocols and (2) guide Chinese government funding only for projects that meet its requirements for animal welfare. Project management guidelines will cover compliance and noncompliance with lab animal regulations.
Role of Academic Institutions
In developed countries many institutions that use lab animals publish their own guidelines for the care, use, or specifi c procedures involving those animals. In China CALAS is the biggest academic organization, with six work committees (scientifi c, international affairs, continuing education, editorial, popular science, and consultation) and seven subcommittees (aquatic species, primates, agriculture, standardization, equipment and facility, immunodefi ciency, and traditional Chinese medicine), all of which provide guidance in their respective areas for the use of lab animals through seminars or training. There are also lab animal associations or societies in 21 provinces. Representatives from all of these academic associations play a role on expert panels drafting new regulation. In addition, CALAS is scheduled to draft its own guidelines and to determine criteria for different grades of technical training and accreditation. With these combined efforts the role of academic organizations in China will be enhanced in the near future.
Animal Welfare Law
Attention to animal welfare in China has grown as Chinese, US, UK, and other international scientists have introduced knowledge of the subject and related practices, and recent regulations in China have also improved awareness of animal welfare. Both MOST (2006a) (NRC 1996) , used by AAALAC International in its accreditation standards. Many scientists in China support animal welfare legislation and MOST has funded projects to study and translate animal welfare laws and guidelines from the United States, Europe, Japan, and Australia.
Once China becomes a member of the World Trade Organization, animal welfare concerns may be an obstacle to international trade for some animal-related products. The government has shown great concern about this problem and encourages experts and organizations to explore this area. Animal care and kindness to animals in general are customary among Chinese people; indeed, besides caring for their lab animals, many institutions set up monuments to memorialize the lab animals that have given their lives to science.
Conclusions
This article provides a comprehensive overview of policies and oversight for lab animal use in China to help scientists, institutions, and companies around the world understand Chinese LAS policies. The government has established a series of regulations and standards to ensure the quality of lab animals and related activities, and these policies and their implementation have stimulated the development of LAS in China. Scientists have correspondingly achieved improvements in lab animal use in every aspect in recent years with economic, social, and governmental support.
China has been making efforts to achieve international standards for its lab animal facilities and research laboratories and aims to be a world-class research center in the near future. With emphasis on adherence to AAALAC standards-22 Chinese institutions are accredited by AAALAC (www.aaalac. org/accreditedorgs/)-more and more research institutions and pharmaceutical companies around the world are looking to China for investment opportunities in animal-related businesses (Mandavilli 2006 ).
China's regulatory system is improving year by year to meet the requirements of development and to address challenges in research, education, and testing (e.g., using transgenic animals, infectious disease model animals), and further national standards are in development by the SAC/TC281. We anticipate that lab animal research, education, and testing in China will also continue to benefi t from low costs, liberal regulations, and the absence of threats from animal rights activists, and that China will serve as a "new provider" of animal-based science and technology for international clients.
